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Most genes cause disease when the function of at least one copy of the gene is disrupted (e.g.,
loss-of-function mutations) or compromised (e.g., missense mutations). Gain of function,
resulting from increased dose of a gene product, is a less common mechanism of disease
causation. Neurologists would be familiar with Charcot-Marie-Tooth disease type 1A caused by
duplications of the PMP22 gene. Gene duplications are also well known in neurodegenerative
diseases, such as duplications of the amyloid precursor protein gene (APP), resulting in earlyonset Alzheimer dementia (AD) and cerebral amyloid angiopathy (CAA), and copy number
increases of the synuclein-alpha gene, SNCA, causing dementia with Lewy bodies or Parkinson
disease dementia.
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APP,1 located on chromosome 21, is the gene that produces the amyloid precursor protein
(APP). This is a membrane spanning protein that is converted into smaller subunits including
Aβ by sequential proteolytic processing facilitated by β- and γ-secretases.2 Overexpression of
the APP gene product results in signiﬁcant increases in the long isoforms of Aβ, overwhelming
the normal clearance processes of the brain. This is posited to cause angiotoxicity (CAA) and
neural synaptic toxicity (AD). Such increased APP dosage causing cognitive decline has been
implicated as the primary cause of early onset AD observed in people with Down syndrome
(trisomy 21), where there is increased APP gene dosage.3 Multiple cases of APP gene duplications have now been reported in people with early-onset AD.
In this issue of Neurology® Genetics, Grangeon et al.4 present a case report where a 41-year-old
man with episodic memory loss onset at 39 years is found to have a novel heterozygous
triplication of the APP gene, most likely inherited from his father. Although duplications of the
gene APP have been described before, this is a report of a triplication. The proband in this
report developed memory impairment associated with lobar microbleeds identiﬁed on MRI.
His CSF biomarkers showed decreased amyloid-β42 levels with increased total-tau and
phosphorylated-tau levels. He fulﬁlled the clinical diagnostic criteria of probable AD associated
with neuroimaging features consistent with CAA. Of interest, his father had had seizures and
recurrent cerebral hemorrhages beginning in his late thirties, and cerebral biopsy showed
abundant perivascular amyloid deposits. The father’s clinical features and investigations were
also consistent with early-onset AD and probable CAA. He died at age 48 years, and no DNA
was available for analysis.
The messenger RNA (mRNA) analysis in the study by Grangeon et al. highlights the importance of dosage sensitivity of the APP gene product. Using reverse transcription digital droplet
PCR, they were able to show that the gene triplication in their patient translated into proportionately increased expression of APP. The patient with the triplication (4 copies instead of
the expected 2 copies of the APP gene) had doubling of the APP mRNA levels. Although they
were not able to make direct comparison with patients with APP duplications, people with
duplications (3 copies of APP) have a reported a 1.5-times increase in APP mRNA levels. The
age at onset of symptoms in the patients is also slightly lower than prior APP duplication reports
(37 and 39 years vs 39–65 years), which could indicate a correlation of severity with increased
gene dosage.
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The strength of the study lies in the clear phenotyping and the
mRNA quantiﬁcation in the proband. Unfortunately, only 2
family members in this pedigree were available, with conﬁrmation
of the APP triplication present only in one of them. Further
genetic analyses, including looking at other AD and CAA risk
genes, would have been important to truly understand the clinical
expression associated with the increased copy numbers of the
APP gene. This is especially pertinent as some animal studies have
suggested that elevated cerebral Aβ deposition can occur in trisomy 21 independent of an extra copy of APP, indicating that
other genes in chromosome 21 may aﬀect this pathway.5
Moreover, this case report does not shed any new light onto the
pathophysiology of CAA in the majority of people with CAA and
cognitive decline, who do not have APP copy number increase.
For clinicians involved in the care of patients with a strong
family history of CAA and early-onset AD, the main message
from this study is to consider referral for formal genetic testing
for APP gene copy number variations. Many commercially
available next generation type of gene panels may not have the
capacity to simultaneously look for copy number variants and
therefore may miss this diagnosis. If the laboratory does not
cover copy number variant analysis, a speciﬁc test such as a
chromosomal microarray or multiplex ligation-dependent
probe ampliﬁcation should be organized.
Despite large clinical trials targeting Aβ and its pathways,
disease modiﬁcation for AD currently remains elusive.6,7
Polygenic and multifactorial contributions to late-onset AD
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are the norm, but the early onset, monogenic forms are likely
to beneﬁt from ongoing pursuit of the amyloid pathway in
clinical trials. Moreover, the eﬀect of Aβ pathway modulators
has not been speciﬁcally studied in individuals with increased
APP gene dosage, which allows new possibilities for treatments using a precision medicine approach. Studies such as
this one open a gateway into understanding both the pathology and potential disease modiﬁers in this unique subgroup of patients.
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